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Abstract 
 
Micro injection moulding is established as one of the most common manufacturing processes for thermoplastic 
polymers due to its high degree of automation and the short cycle times. With micro assembly injection moulding, 
offline joining process steps can be avoided by overmoulding components of the micro system directly in the injection 
mould. Overmoulding can be used to generate movable or fixed combinations of different materials. One of the 
materials combined in a hybrid micro system is thermoplastic polymers, whereas the other one can be selected from a 
wide range of materials, e.g. technical ceramics, glass, or metals. Micro assembly injection moulding provides several 
advantages compared to other joining processes. However, functional integrity of the micro system is an end 
requirement. In the case of a joint micro structure, the bonding strength between two components affects the stability 
of the whole micro system and is thus important for the part’s quality. As tests conducted at IKV show, a plasma 
treatment (plasma activation) of the insert parts significantly increases the bonding strength. Inserts of metal and glass 
have been overmoulded with several polymers, and the influence of different plasma gases and duration of the 
treatment on the feasible bonding strength is shown. 
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1. Introduction 
 
Products in micro system technology distinguish 
high functional integrity. In many cases, this aspect can 
only be achieved by combining different materials to 
provide a new spectrum of advantageous properties. 
Joining processes which meet the special requirements 
of micro system technology are needed for this task. 
Micro injection moulding is established as one of 
the most common manufacturing processes for 
polymeric materials in micro system technology. 
Thanks to a high automation level and short cycle 
times, injection moulding is established also in micro 
system technology to produce large numbers of micro 
components at low cost. 
 
1.1. Micro assembly injection moulding 
 
Due to more and more complex joining operations 
in micro system technology, the approach to use the 
injection moulding process for both forming and joining 
is pursued quite often. The benefit of this technology is 
a short process chain whose steps are run pre-
dominantly directly in the injection mould, as is shown 
in Fig. 1. Also shown are two example geometries: 
composite parts made from two polymers or one 
polymer and another (non-plastic) material like metal, 
ceramics, or silicon, can be manufactured in one 
process step. The joint can be movable or rigid, 
dependent on the material’s compatibility and the 
joining forces in the joint area. Thus, the various 
options of micro assembly injection moulding differ in 
the materials being used, the operation sequence and 
the resulting functionality [1,2,3]. 
Based on the broad spectrum of properties that 
can be realised by material combination, possible areas 
of application are medical and communication tech-
nologies, and micro fluidics and automotive sectors [2]. 
Joint surfaces with functional properties are typical 
for hybrid micro systems as a result of the composite 
design. Depending on the design of the joining area, 
different bond mechanisms take effect where the 
materials meet. A criterion to estimate the bond quality 
of rigid hybrid parts is the tensile strength of the joint. 
When inserts are overmoulded by a polymer the 
bonding strength is mostly dominated by a force-fit as 
long as no positive joint is given. It has also been found 
that in such cases material compatibility can consider-
ably enhance the effective forces [4,5]. 
Surface treatment techniques are well known to 
augment the adhesive forces between materials. This 
approach is helpful if the optimisation of the process 
alone no longer meets to the requirements. A compare-
ison of different pre-treatment techniques in respect of 
micro injection moulding showed so far, that the plasma 
process leads to the most promising results [4]. 
 
1.2. The use of plasma in micro assembly  
injection moulding 
 
Plasma is a gas in an excited state which consists 
among others of highly reactive particles. The plasma 
atmosphere is technically generated by charging a gas 
with energy, e.g. by means of a laser beam or an 
electrical field. In order to decrease the temperature of 
plasma, low pressure plasma processes are applied in 
a sealed off process chamber into which the process is 
 
Fig. 1.  The process chain of micro assembly 
injection moulding and example parts. 
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introduced: a vacuum pump keeps the pressure 
constant by simultaneously purging the chamber 
(Fig. 2). The most common process gases are oxygen, 
nitrogen, or inert gases like argon. Dependent on the 
substrate’s properties which are exposed to the 
plasma, chemical reactive combinations are created on 
the surface, and a cleaning and removal of surface 
residues or even a polymerisation takes place. These 
effects overlay during the treatment and are of different 
intensity, so that an over-treatment is possible. 
In multi-component injection moulding, the use of 
plasma is well known to improve or even enable the 
bonding of two (non-compatible) polymers. But also 
when a plastic and a non-plastic are combined, the 
effects of plasma are useful [2,4,6]. 
 
2. Objective and experimental setup 
 
2.1. Objective 
 
The objective of the trials is to optimise the 
encapsulation of non-plastic inserts. Criteria for a good 
joint between the insert parts and the overmoulded 
polymer are bonding strength, leakproof tightness, 
temperature resistance, and flash free surfaces. For 
investigations on the bonding strength, a cylindrical test 
specimen made of plastics and different insert materials 
is used, similar to Fig. 3. 
 
2.2. Plasma treatment of capillaries 
 
The capillaries used for the plasma trials measure 
a diameter of 0.4 mm and a length of 30 mm. After 
injection moulding, the overlay with plastics can be 
chosen from 0.5 mm to 5.0 mm. 
The capillaries were cleaned with acetone in an 
ultrasonic bath and dried overnight in an oven prior to 
the plasma treatment. The plasma was generated in 
PICO laboratory equipment from Diener Electronic 
GmbH, Nagold, Germany. As summarised in Table 1, 
the inserts were exposed to the plasma of different 
process gases over various lengths of time. The 
generator power of the equipment is 100 W, the 
process pressure was kept at about 0.3 mbar. 
 
2.3. Injection moulding trials 
 
The pre-treated capillaries were placed into the 
cavity of the injection mould, whose design is illustrated 
in Fig. 4. The mould is equipped with a hot runner 
which was run at the nozzle temperature of the 
plasticising unit of the injection moulding machine 
(Ferromatik Milacron ELEKTRA 30). Due the time-
limited effect of plasma on the surface (see 
Chapter 3.1.2), the overmoulding had to be performed 
within two hours after the treatment. When 
overmoulding the glass capillaries, the melt tempera-
ture was kept as low as possible in order to quickly 
solidify the polymer around the insert and thus avoid a 
frontal loading which would cause the capillaries to 
break. The inserts made from steel could be 
overmoulded with standard temperatures. 
 
2.4. Determination of the bonding strength 
 
The joined specimens were tested on a standard 
tensile testing machine. The pull-out velocity was set to 
10 mm/min. During the test, the insert part is pulled out 
of the plastics part at a constant speed of 10 mm/min. 
The displacement of the insert and the resulting force 
are recorded. The result of the testing is a force-
deformation diagram, in which the maximum force 
indicates the failure of the structure. This value was 
used as a benchmark for all investigations. 
 
Fig. 2.  The plasma process [6]. 
 
Fig. 3.  Test specimen. 
 
Fig. 4.  Design of the injection mould. 
 
3. Results 
 
3.1. Influence of the plasma process 
 
3.1.1 Surface characterisation 
For the comparison of the steel and glass insert 
surfaces prior to and after the treatment, the rough-
ness, wettability, and the chemical constitution by 
means of electron spectroscopy for chemical analysis 
(ESCA) was examined. 
To summarise the result towards a possible 
mechanical manipulation of the surface (roughness), 
when measured the etching effect of plasma on the 
pins, it could be seen that the process had little effect. 
Also optically, the surfaces did not change. Their 
appearance in REM is shown in Fig. 5. 
Capable of determining the chemical constitution of 
the outer atomic layers to less than 10 nm the ESCA 
was used to analyse the plasma effect on the metal 
capillaries. With oxygen as a plasma process gas, the 
percentage of oxygen augments from 35 % to over 
40 %, whereas the percentage of carbon drops from 
about 47 % down to 20–30 %. If argon is used as a 
process gas, both effects diminish. A one-digit 
percentage of argon dissolves in the substrate. 
3.1.2 Influence of plasma process times 
The time effect of the plasma process was further 
observed in order to identify suitable time-frames for 
the plasma process and the following joining with 
plastics using micro assembly injection moulding. The 
contact angle of water on treated and untreated metal 
plates was used as a criterion to measure the effect of 
the plasma activation (OCA). A good wettability is 
reflected in a small contact angle. Fig. 6 points out, how 
on the one hand the plasma process augments the 
wettability of the substrate and on the other hand the 
effect is time-dependent. The activation survives 
independently from the duration of the plasma 
treatment by at least one day, but during the first hours, 
the activation diminishes the most. The duration of the 
treatment is responsible for how fast the course of 
decay is reached. In order to assure constant starting 
conditions prior to the overmoulding of the capillaries, 
the joining had to be performed within one to three 
hours of the treatment. 
3.2. Bond quality of the overmoulded capillaries 
 
As mentioned above, the bonding strength was 
used as a benchmark to quantify the quality of the joint 
of polymer and insert. The tensile forces for the 
composite parts with an insert made from stainless 
steel (1.4301) are displayed in Fig. 7. Here the overlay 
of polymer and insert was set to 4.0 mm. The values of 
untreated capillaries are opposed to ones which were 
treated over 15 min with oxygen plasma in combination 
with different polymers according to Table 1. 
With all material combinations having been 
investigated, the tensile force after plasma treatment 
augments substantially. Apart from the parts with POM, 
the bonding strengths nearly double. Nonetheless, best 
absolute values are reached with POM. Additionally 
new tests with PA 6 polymer materials provide even 
better results. 
Fig. 8 shows the complimentary results from the 
tests with glass inserts. The borosilicate glass 
Table 1 
Overview of the experiments with plasma. 
 
 
 insert material / 
plasma process gas and polymer 
treatment 
duration 
Steel glass 
gas polymer gas polymer 
– Ar, O2 POM 
Group Ia 
O2 POM, PA
Group II
3 min Ar, O2 
 
   
5 min Ar, O2  O2 POM, PA
Gr. II 
7 min Ar, O2 
 
   
10 min   O2 POM, PA
Gr. II 
15 min Ar, O2 POM 
Gr. I 
  
20 min   O2 POM, PA
Gr. II 
30 min Ar, O2 
 
   
 
a Polymers of  Gr. I: ABS, PE-LD, PC; Gr. II: PP, PMMA
 
Fig. 5.  Surface of the glass and metal inserts. 
Fig. 6.  Influence of the duration of plasma  
treatment and fading effect. 
 
Fig. 7.  Tensile forces of hybrid micro parts made of 
stainless steels and different polymers. 
capillaries were overmoulded with an overlay of 
2.0 mm. This diagram is extended with data concerning 
the time effect of the plasma treatment. Contrary to the 
results with overmoulded steel inserts, the effects in 
overmoulding glass inserts appear to be more complex. 
If PA is used, the most significant outcome can be 
observed. In this case the bonding strength does not 
increase, similar to when steel is used, but drops down 
to a third of the original level. With PMMA as polymer, 
the course of the tensile forces is comparable to PA. 
However, the minimum value of the force is reached 
independently from the duration of plasma treatment in 
this case. If PP is used for overmoulding, the values are 
more or less not affected by the plasma treatment. The 
strength of the given hybrid structure of glass and 
polymer could only be enhanced by means of oxygen 
plasma when POM was used for the polymer 
component. However, the variations of the measure-
ments are throughout very high. 
 
4. Discussion, summary and prospects 
 
The results presented in this paper deal with the 
potential of the plasma technology to increase feasible 
bonding strengths of rigid hybrid micro parts (different 
polymers with glass and stainless steel) being 
processed in micro assembly injection moulding. As a 
criterion to quantify the bond quality, the tensile force of 
the structure was used. 
Firstly the time effect of the plasma process was 
investigated. The contact angle representing the 
activation effect after the plasma treatment rapidly 
changes during the first few minutes after the 
treatment. The duration of treatment determines how 
fast the activation drops down to a level from which the 
effect decreases more or less constantly. The course of 
the data is typical for plasma activation and is mainly 
dominated by reactions of the (at the beginning highly 
active) substrate surface with the surrounding atmos-
phere, hence the activation effect decays. 
The overmoulded steel capillaries throughout 
showed a better adhesive bonding with plasma treat-
ment than without. Effects occurring here are a 
cleaning of the surface which correlates with the 
dropping percentage of carbon in the substrate’s 
surface, and probably also a chemical change 
(activation by reaction) which supports the adhesive 
strength. The trend to augmented adhesive interaction 
involves a better bond quality. The results concerning 
the parts with overmoulded glass inserts are 
inhomogeneous, as explained above. While bonding 
strengths of parts with untreated capillaries are fine, 
especially with PA and POM, the tensile forces are 
smaller and more or less levelled after the plasma 
treatment. A reason for this decrease may be the inert 
surface of glass; the cleaning effect of the plasma 
removes hydrocarbon residues on the substrate which 
develops adhesive bonding towards the polymer during 
overmoulding when omitting the plasma process. 
Closer information will be available with ESCA data of 
the glass inserts. 
The trials regarding the capability of the plasma 
process for micro assembly injection moulding are 
presently completed with argon, hydrogen and nitrogen 
as plasma process gases. Further investigations on the 
chemical constitution of the treated substrate surfaces 
are presently run with the aim to gain more detailed 
information about the physical-chemical interaction 
between plastics and insert, and thus help to answer 
the question, which is the dominating reason for the 
improvement of the bond quality. 
The effect of injection moulding process para-
meters on the feasible bonding strength was 
investigated in a former test series. As these results 
showed, POM grades are best suitable for the use in 
micro assembly injection moulding as the best tensile 
strength performance was reached with this polymer 
[2]. The capability of POM for the encapsulation of 
glass and steel inserts could be replicated in the works 
presented in this paper. 
As a conclusion it can be said that using plasma is 
a highly practical approach to enhance bonding 
strengths in hybrid micro systems if process parameter 
variations alone do not lead to the desired strength 
performance. Additionally, the moulding process not 
only requires to be configured towards a good bonding 
strength of the hybrid parts but mainly towards a good 
quality of the polymer mouldings. Which plasma 
process settings are best suitable for which material 
combinations, is the main objective of further trials 
concerning potential industrial applications. 
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